Seizure-induced hippocampal damage in the mature and immature brain.
Neurologists caring for patients who have experienced a first seizure or who are at increased risk of seizures are concerned with two questions. First, at what point do seizures lesion the brain and create the conditions for unprovoked, recurrent seizures, i.e. epilepsy. And second, seizure-induced changes can be prevented pharmacologically following an initial prolonged seizure, or prophylactically in individuals deemed at high risk of epilepsy? The number, duration and severity of seizures each influence the likelihood that an individual will experience chronic seizure-induced brain damage. However, the thresholds for deleterious seizure-induced sequelae are not well understood. Will repeated brief seizures produce similar changes as a single prolonged seizure? Do permanent alterations of neuronal function result from a single brief seizure? How long can neurons resist damage caused by prolonged seizures? These are all questions of immediate clinical significance. The anatomical, synaptic and functional consequences of seizures have been most extensively studied in the hippocampus, an epileptogenic structure that plays a central role in the generation of temporal lobe seizures. In this review, we will discuss the spectrum of known hippocampal alterations in epilepsy and highlight mechanisms through which neuronal and synaptic changes accrue. In addition to discussing the effects of prolonged seizures on the hippocampus, we will also review current data regarding the effects of repeated brief seizures as well as the effect of a single brief seizure. We will also discuss the relevance of development and gender on the manifestations of seizure-induced damage, in order to begin to stratify the risk of seizure sequelae to different human populations depending on age, and - to a lesser extent - on gender. The decision whether to treat, and how to treat seizures, results from an understanding of the immediate and long-term risks to the patient of either recurrent seizures, or of seizure-induced brain damage. Paradigmatic to this type of decision is the assessment of febrile seizures, a common occurrence in childhood. Current clinical and laboratory data indicate that simple febrile seizures do not result in long-term brain injury. However, novel laboratory findings indicate that even "benign" febrile seizures may produce subtle long-term changes in neuronal behavior - such as altered synaptic function. The improved understanding of the mechanism producing these long term effects is a necessary first step in the development of neuroprotective treatments that can be applied either in the acute setting at the time of an initial prolonged seizure, or prophylactically in individuals most likely to high risk of developing epilepsy.